INTRODUCTION
In 1965, work was commenced at our laboratory on the effects of pollution on inshore fisheries. It at once became apparent that, although considerable information is available regarding the toxicity of various pollutants to freshwater life, there is little on the toxicity of pollutants to marine life.
The term "chemical pollutant" covers a multitude of materials but these can be loosely divided into the following categories: inorganic and organic trade wastes, detergents, oils, radioactive wastes, and pesticides. Because many trade wastes contain quantities of heavy metals, and domestic sewage contains detergents, it was decided to examine the toxicity of these groups of compounds to a number of marine animals. In recent years pesticides have been the cause of increasing alarm, and it is intended to examine the toxic effects of these materials in due course; however, at the present time this problem is being approached from a different angle, and analysis of shellfish and fish specimens for organo-chlorine pesticides is well under way. Details of the early results of our toxicity tests and of our pesticide analyses are presented in this paper.
Although there are a number of advantages in using a continuous flow toxicitytesting system it was decided to use a static system. Figure 1 shows one of our two toxicity-testing arrangements, each consisting of 15 perspex tanks in three tiers. Perspex was used because it was easy to wipe clean and because, if necessary, acids and solvents such as acetone could be used without damage to the interior surfaces. Each tank held 10 litres of sea-water and was provided with an aerator and a sloping splash guard to minimize the interchange of different pollutant concentrations by the aerator spray. A variety of marine animals were used in the tests, but the chief ones were the pink shrimp (Pandalus montagui), brown shrimp (Crangon crangon), shore crab (Carcinus rnaenas), and cockle (Cardium edule); 25 animals were normally held in each tank during an experiment. For each experiment a control was run, with a different test species, to guard against erroneous results; for example due to failure of the air supply. The test animals, which had been acclimatized to laboratory conditions for at least 3 days, were placed in sea-water to which toxin solutions at a range of concentrations had been added, and lei~ for 48 hours, this being the standard experimental period. All the experiments were conducted in the dark in rooms in which the air temperature was controlled, and tanks containing mobile animals were covered with a plastic mesh to prevent escapes. The tanks were examined at intervals during the course of the experiments and animals which had died were removed, the total number dead atter 48 hours being recorded. The results are all expressed in terms of LDs0, this being the concentration required to kill 50 % of the test animals; this value is readily obtained by graphical interpretation of the results.
RESULTS A N D DISCUSSION
T o x i c i t y o f m e t a l s a n d p h e n o l Routine testing was done at 15 o C which was taken as representative of inshore summer water temperatures. The results of a series of experiments conducted at this temperature, with four heavy metals and phenol, using the four test species mentioned above, are shown in Figures 2a and b Figure 2a . Two experiments with cockles were terminated when less than 50 % mortality had occurred a~er 48 hours with concentrations up to 500 ppm; one experiment used phenol and the other nickel. The relative toxicity of the five chemicals is shown in Figure 2b ; the most toxic material was mercury, followed in order by copper, zinc, phenol and nickel. This sequence is interesting because it follows the relative solubilities of the four metals in sea-water. It is assumed that the metals act as enzymatic poisons, whereas phenol, being corrosive in nature, is assumed to act primarily upon the external surfaces.
Effects of temperature on toxicity
The effect of temperature on the LD~0 is o~en not appreciated and some experiments with the selected toxins mercury, copper and phenol were conducted in order to examine this factor. These experiments were carried out using only two species, brown shrimps and cockles, but, as the results in Figures 3a and b show, the effect of temperature was very pronounced with both these animals. In fact a reduction in temperature from 220 to 50 C was sufficient to increase the tolerance of brown shrimps to copper and mercury by a factor of 5, although with phenol there was no effect (Fig. 3b) . With cockles the effect was even more pronounced, and a fall in temperature from 22 ° to 50 C increased the LDs0 by factors of approximately 80 and 130 for copper and mercury respectively; there was also an effect on the LDs0 for phenol on cockles, although the factor was only 2.4. There are undoubtedly many other factors which may influence the susceptibility of a species to a toxin, and two of the more likely ones are the age of the animals and whether or not they have been starved prior to the experiment; both of these factors were briefly examined.
Effects of starvation on toxicity
Feeding of cockles was rather difficult to ensure and it was therefore assumed that storage in slowly running aerated sea-water for two weeks was equivalent to partial starvation, whereas freshly collected cockles were assumed to be well fed.
There was no such problem with shrimps and one batch was fed on chopped mussels whilst a second batch was starved. Both samples of cockles were collected from the same bed and both samples of shrimps came from the same catch. Figure 4 shows the effect on the LD50 of using fed and unfed specimens of both cockles and brown shrimps for an experiment with mercury; in both instances starvation reduced the tolerance of the animals to the toxin. The LD50 for brown shrimps c~ ~_ was halved, falling from 1.3 to 0.65 ppm, whereas it was reduced by approximately one-third for cockles, falling from 15.5 to 9.6 ppm. If starvation is considered as a stress then these results are readily explained, since imposition of a stress in addition to the toxin might reasonably be expected to reduce the animals' resistance. Further experiments are needed on this topic before it can be said that results would always be so pronounced, but clearly starvation is a factor which must be considered. Figure 5 shows the effect on the LD50 of using markedly different size groups of brown shrimps in a test with mercury. Three different size groups were selected and it was found that the larger shrirnps were the most resistant; the LDs0 for this size was 1.26 ppm, more than double that for the smallest shrimps (0.58 ppm). Again further work is necessary to determine whether or not this is the general pattern. It would also be interesting to compare these results with ones for a toxin such as phenol which has a different mode of action. It is perhaps worth noting that the dotted line shown in Figure 5 was used to predict the LDs0 for the size group 1.5 to 2.5 cm, with a considerable degree of success; the LD50 found by experiment was 0.48 ppm and that predicted was 0.52 ppm. 
Effects of age of test animals on toxicity

Toxicity of detergents
When failures of specific fisheries occur around our coasts the cause is frequently attributed to the increasing quantity of detergents discharged into inshore waters. As there is no evidence on this question it was decided to examine the possibility of detergents being toxic to marine animals. It is only the surface active agents which are likely to be directly harmful to marine life and therefore only these compounds were The standard toxicity tests were conducted using the four test species but the concentrations were limited to a maximum of 100 ppm detergent. It is unlikely that anionic and non-ionic detergents in domestic sewage would be much in excess of 20 ppm and 2 ppm respectively (MINISTRY OF TECHNOLOGY 1966) , and this was felt to be a more than adequate limit. A number of different detergent compounds were tested but the main ones comprised 3 anionic detergents (Dobs JN, Dobs 055 and Lauryl Ether sulphate 3 Ethylene oxide) and 2 non-ionics (Octyl Phenol 11 Ethylene oxide and Nonyl Phenol 12 Ethylene oxide). The results of the tests are shown in Figure 6 and indicate that at concentrations likely to be found in sewage effluents these detergents were not particularly harmful, at least to our adult test species. None of the detergents were used in concentrations above 100 ppm; for those cases where the LDs0 was above the maximum concentration the figure shows the LDs0 as being 100 ppm. The anionic detergents were generally found to be less toxic than the non-ionic detergents, and with only two exceptions the LDs0s were recorded as in excess of 100 ppm. LDs0 values below 100 ppm were recorded for eight of the tests with non-ionic detergents, and Octyl Phenol 11 Ethylene Oxide was found to be the more toxic of the two. This result is in agreement with work by MARCHETTI (1965) , who found that an increase in the number of ethylene oxide molecules also increased the dose required to kill goldfish.
Although these results indicate that household detergents are unlikely to be a problem to adult animals in the marine field, the LDs0 figures above 20 ppm probably underestimate the toxicity because the use of aerators, which was unavoidable, resulted in foaming, particularly at the higher concentrations, and since the foam contains relatively much higher concentrations of detergent than the mother liquor (Moss 1958 , TODD 1954 ) the concentration of detergent in the water must have been less than the nominal dose figure.
Pesticide analysis
The pesticide analysis programme at Burnham-on-Crouch consists of the analysis of fish and shellfish, collected both locally and from distant waters, for ten organochlorine insecticides, namely a, fi and 7 BHC, heptachlor epoxide, aldrin, dieldrin, endrin, pp' DDT, DDE and TDE. For this work the preparation and clean-up method of DE FAUBrRT MAUNDER et al. (1964) is used and a final sample volume of 1 ml is achieved. Analysis of the 1 ml concentrate is by gas liquid chromatography using a Varian Aerograph dual column, dual E/C detector instrument with two recorders. The columns used are 5 tic 1/8 in. O.D. pyrex glass and are packed with 2.5 °/0 SE 301 and 0.25 0/0 Epikote 1001 on I00/120 mesh Celite W and 2 0/00ronite polybutene 128 on 80/100 mesh Gas-Chrom Q respectively.
A selection of the results we have obtained is shown in Figure 7 . These are the maximum and minimum concentrations of ~,-BHC, DDT and dieldrin found in herrings (Clupea harengus), muscle and liver of cod (Gadus morhua), shrimps (Crangon crangon) and oysters (Ostrea edulis). As can be seen from this diagram there is a considerable range of concentrations of any one pesticide in a particular species. How-ever, it can be seen that the fish liver contains proportionately more pesticide than the muscle tissue. This would be expected as it is now well established that organo-chlorine compounds are stored in fatty tissues, and the result is in agreement with results published by other workers (HOLDEN 1966 , ROBINSON et al. 1967 . Our highest pesticide residue to date has been for DDT in a whiting liver (19.2 ppm) and generally we have found that livers from whiting (Merlangius merlangus) have the highest organo-chlorine pesticide content. The results for oysters shown in Figure 7 were obtained in about March of 1967 and more recent results have been lower by a factor of ten. This suggests a possibility of seasonal variation, and work is now in progress on the analysis of regular oyster samples in an attempt to test this. As work by BUTLER (1966) has shown, such a variation might reasonably be expected, since the oyster's environment will be subjected to seasonal variations in concentrations of pesticides according to their usage in agriculture. 2. Increase in temperature was found to cause a marked increase in the toxicity of some chemicals. 3. The larger~size animals were shown to be less susceptible to mercury. 4. Starvation of animals prior to experiments was demonstrated to reduce their tolerance to mercury. 5. The toxicity of a number of detergents to the 4 test species is described. 6. Results of pesticide analyses are given in terms of ranges and mean concentrations found in muscle tissue from 2 species of fish, the liver of one fish, and for whole shrimps and oysters. Organo-chlorine residues in marine organisms. Nature, Lond. 214 (5095), 1307 -1311 . TODD, R., 1954 . Water purification upset seriously by detergents. Wat. Sewage Wks 101 (2), 80.
Dicussion following the paper by PORTMANN 1
KINNE: I am glad that Dr. PORTMANN has studied toxicity of pollutants as a function of different important parameters, namely, temperature, size of the test animal, and starvation. A detailed assessment of toxicity is, no doubt, only possible if different physiological states of the organism in question and different environmental conditions are taken into account. My question: Have you done or are you planning to conduct any experiments on the efficiency of food conversion? It seems to me that caloric analyses -including uptake, conversion, and excretion of food -represent a most useful and important criterion for the assessment of the economy of life processes under different stresses of pollution.
SIMVSON:
We do consider such studies important, but at the moment we are pressing ahead with the general review of the toxicity of a range of substances and with examining some of the effects of other factors on these. With our limited staff I think we have to limit our research to this for the present. 
